A 57-year-old Japanese man with abdominal distention was referred to gastroenterologists at our hospital, where abdominal computed tomography revealed ascites and swollen lymph nodes. He was admitted for testing and treatment. Suffering from unremitting hyponatremia, hyperkalemia, hypotension, and hypoglycemia, he was transferred to our division for electrolyte correction and further diagnosis. Hormone stimulation testing revealed adrenal insufficiency. Upon electrophysiology, immunoelectrophoresis, and measurement of vascular endothelial growth factor, POEMS syndrome was diagnosed. POEMS syndrome may underlie adrenal insufficiency and should be considered when polyneuropathy, ascites, and swollen lymph nodes occur along with adrenal insufficiency.
Introduction
POEMS (acronym for polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes) syndrome is a multisystemic disease characterized by such symptoms as numbness, tingling, and weakness of the legs; edema, pleural effusion, ascites, and an enlarged spleen; adrenal insufficiency; and hyperpigmentation and angiomas. Although endocrine abnormalities are noted in about 80% of patients with POEMS syndrome 1) , there are not many reports of adrenal insufficiency in patients with the syndrome. Moreover, in none of the reported cases has POEMS syndrome been diagnosed upon detection of adrenal insufficiency. We encountered a patient who was diagnosed with adrenal insufficiency, and this led to a diagnosis of POEMS syndrome.
Case
The patient was a 57-year-old Japanese man who, for 2 months, had suffered numbness in both lower limbs. He had also noticed darkened skin, predominantly on his legs. He had visited his local physician, complaining of abdominal bloating, and a few weeks later, he was referred to the Department of Gastrointestinal Surgery at our hospital for further examination and treatment. It was noted that he was taking aspirin and losartan because of a previous cerebral infarction, but his family history was unremarkable. Abdominal plain computed tomography (CT) was performed, and edematous change and fluid accumulation in the intestines, ascites, and swollen lymph nodes throughout the peritoneal cavity were revealed, so the patient was admitted. There was no obvious sign of gastrointestinal obstruction. He was treated by fasting, intravenous extracellular fluid transfusion, and paracentesis. The abdominal disten- tion did not worsen, and the fasting was discontinued on hospital day 3. Peritoneal fluid was examined cytologically, and there was no evidence of malignancy. The patient had no difficulty eating and was able to ingest full meals, but on admission, blood chemistry tests had shown a sodium (Na) concentration of 139 mEq/L and potassium (K) concentration of 5.6 mEq/L. On hospital day 3, the Na concentration was 134 mEq/L, and the K concentration was 4.7 mEq/L. By hospital day 12, the Na concentration had decreased markedly to 121 mEq/L, and the K concentration had increased markedly to 7.7 mEq/L. At this point, the patient was referred to our Division of General Internal Medicine for urgent correction of the electrolyte levels and for a determination of the cause of the fluctuations. At the time of admission to our division, the patient was alert, his blood pressure was 95/57 mmHg, his pulse was regular at 56 beats/ min, and his thyroid was not enlarged. No cervical or axillary lymph nodes were palpable, but approximately 3 cm was palpated in his right groin. His abdomen was distended and soft but not tender. Hyperpigmentation on his lower limbs was noted, and the hair on his legs was bristly. Pitting edema of both lower limbs was noted. The patient reported that the numbness he had noticed in both legs before admission had worsened progressively. A manual muscle test was performed, revealing that muscle strength of the upper and lower limbs was only somewhat decreased (score 4/5) on both sides. There were no pathologic reflexes. The lower limbs were more sensitive to touch and pain than were the upper limbs. There was no autonomic impairment and no obvious cerebellar abnormality. Results of cognitive and neurological function tests were normal. Blood chemistry tests revealed a blood urea nitrogen (BUN) concentration of 41.8 mg/dL, creatinine (Cre) concentration of 1.33 mg/dL, Na concentration of 121 mEq/L, K concentration of 7.7 mEq/L, chloride (Cl) concentration of 95 mEq/L, and glucose (Glu) concentration of 70 mg/dL. In other words, the BUN and Cre concentrations were elevated, and hyponatremia, hyperkalemia were present ( Table 1) . The blood cell counts and hepatobiliary enzyme concentrations were normal; the total protein concentration was 7.1 g/dL, and the albumin concentration was normal at 4.1 g/dL. The HbA1c level was 5.0%. On hospital day 5 (before the patient had been admitted to our division), contrast-enhanced CT from the chest to the lower abdomen revealed an increase in the peritoneal fluid volume; hepatosplenomegaly; and swollen in-guinal, periaortic, and mediastinal lymph nodes. The adrenal glands appeared morphologically normal ( Fig. 1 A-C) . Calcium gluconate was administered to treat the hyperkalemia, and glucose-insulin therapy was started. The losartan was discontinued, and by hospital day 19, the patient's K concentration decreased to 4.0 mEq/L. The course of the illness suggested adrenal insufficiency, and hormone stimulation tests were performed. In the blood collected at rest in the morning, the cortisol concentration was 12.8 μg/dL (a concentration below 4 μg/dL suggests adrenal insufficiency, and, whereas a concentration of 18 μg/dL or above precludes adrenal insufficiency, a concentration of 4 to 18 μg/dL does not preclude the disorder), and the adrenocorticotropic hormone (ACTH) concentration was 84 pg/mL (7.2-63.3 pg/mL). An adrenocorticotropic hormone (250 μg) stimulation test revealed a cortisol concentration of 14.5 μg/dL (i.e., no increase) ( Fig. 2) , and a corticotropin-releasing hormone (CRH) stimulation test revealed a cortisol level of 12.9 μg/dL (no change, although the ACTH concentration had increased to 170 ng/mL) ( Fig. 3) . Thus, primary adrenal insufficiency was diagnosed. Thyroid function tests revealed a free triiodothyronine (FT3) concentration of 0.92 ng/dL, a free thyroxine (FT4) concentration of 2.09 ng/dL, and a thyroid-stimulating hormone (TSH) concentration of 11.412 μIU/mL, subclinical hypothyroidism . hormone (GH) concentration of 1.98 ng/mL (≤0.42 ng/mL is normal), luteinizing hormone (LH) concentration of 5.93 mIU/mL (1.7-8.6), and follicle-stimulating hormone (FSH) concentration of 8.00 mIU/mL (1.5-12.4) . Quadruple injection test of hypothalamic peptide revealed no abnormalities except a poor cortisol response. Hydrocortisone (7.5 mg in the morning, 2.5 mg in the evening) was administered for treatment of the adrenal insufficiency; the electrolyte abnormalities and hypoglycemia disappeared. Motor nerve and sensory nerve conduction velocities were measured, and both were found to be decreased; latency was also prolonged, and thus polyneuropathy was diagnosed. The increased pigmentation and bristling of the hair spread across the patient's entire body. Inguinal lymph node biopsy was performed, but there was no indication of malignancy. Lymphoid follicles mixed with atrophic germinal centers and lymphoid follicles with enlarged germinal centers were noted. Hyperplasia with high endothelial venules was noted ( Fig. 4) . Malignancy was judged to be unlikely, given the endocrine abnormalities, polyneuropathy, skin changes, and results of peritoneal fluid cytology and lymph node biopsy. POEMS syndrome was considered in the differential diagnosis. Additional testing revealed the presence of monoclonal IgA (λ) protein in the patient's urine, and the serum vascular endothelial growth factor (VEGF) con-centration was 6,130 pg/mL (normal: 229 ± 147 pg/mL). At this point, POEMS syndrome was diagnosed definitively, and the patient was transferred to another hospital for specialized treatment. The patient now takes thalidomide regularly and continues to receive dexamethasone pulse therapy. He has been discharged, but he is followed up regularly in a specialized outpatient services clinic at our hospital and at another hospital.
Discussion
POEMS syndrome is a multisystemic disease characterized by monoclonal proliferation of plasma cells and such manifestations as polyneuropathy, edema, pleural effusion or ascites, organomegaly, endocrinopathy, skin changes (hyperpigmentation and/or angiomas), and monoclonal gammopathy 2) . On the basis of a nationwide survey conducted in 2003, the Research Committee on Autoimmune Neurological Disorders of the Ministry of Health, Labour, and Welfare of Japan estimated the number of patients at about 340 3) . Awareness of POEMS syndrome is limited, however, so it is possible that many cases have gone undiagnosed. Because POEMS syndrome has various clinical manifestations, the departments to which patients initially present vary. General internists and the various subspecialists must be aware of this condition so that it can be diagnosed and treated early 4) . An essential diagnostic criterion for POEMS syndrome is polyneuropathy. Two other major criteria are serum VEGF elevation (1000 pg/mL or higher) and the presence of monoclonal proteins, and minor criteria are osteosclerotic lesions, Castleman's disease, organomegaly, edema, pleural effusion, ascites, pericardial effusion, endocrine abnormalities, skin abnormalities, papilledema, and thrombocytosis. A condition that satisfies the 3 major criteria and 1 or more minor criteria is definitively diagnosed as PO-EMS syndrome 2) . About half of the patients present with polyneuropathy, and the remainder present with edema or skin manifestations (increased skin pigmentation, bristly hair, and/or angiomas); men often present with gynecomastia. During screening or assessment for various other conditions, pleural effusion/ascites, monoclonal proteins, and high levels of Cre are often detected 5) . Multiple symptoms arise as the condition progresses. During the initial examination, physicians must take a systematic approach to the differential diagnosis, keeping POEMS syndrome in mind so that the condition can be diagnosed early.
The patient's hyperkalemia was noted on the day of his initial admission. On hospital day 3, however, fluid replacement primarily with extracellular fluid solution alleviated the electrolyte abnormalities, so adrenal insufficiency could not have been predicted on admission. Despite the fluid and electrolyte replacement therapy, the patient's Na/K ratio gradually decreased, and by hospital day 12, prompt correction of the electrolyte levels was necessary (Fig. 5) . The patient's blood pressure on initial admission (and while he was taking losartan) was 130/77 mmHg, but it decreased to 95/57 mmHg by the time he was treated in our department. Given the decreased blood pressure and elevated BUN and Cre levels, adrenal insufficiency was presumed to have developed. Ascites is noted in 7-54% of cases of PO-EMS syndrome 6) . The patient we describe was admitted for further examination of abdominal distention resulting from ascites, and it is likely that the subsequent fasting, fluid replacement therapy, and paracentesis caused physiological and psychological stress. The stress may have been the cause of acute exacerbation of adrenal insufficiency as a manifestation of the POEMS syndrome. Five cases of adrenal insufficiency in association with POEMS syndrome have been reported (Table 2) [7] [8] [9] [10] [11] . In 3 of these cases [7] [8] [9] , adrenal insufficiency was originally diagnosed and treated, but other symptoms developed during treatment, leading to a diagnosis of POEMS syndrome 5 months to 2 years after the original diagnoses. In 2 of the 5 cases 10)11) , the adrenal insufficiency was diagnosed on the basis of endocrine tests, but with the exception of the case we report, there are no reported cases in which adrenal insufficiency developed and led to a diagnosis of PO-EMS syndrome. Gandhi et al. examined results of endocrine tests performed in 64 patients with POEMS syndrome and found endocrinopathy in 54 (84%) of these patients 1) . The most common endocrine abnormality was hypogonadism, followed by hypothyroidism and impaired glucose tolerance. Nine patients underwent a rapid ACTH stimulation test, and 6 of these 9 were diagnosed with adrenal insufficiency. According to Gandhi et al., endocrine abnormalities are not evaluated in many cases of POEMS syndrome, and such cases are instead diagnosed on the basis of other criteria. In fact, endocrine abnormalities have, in the past, seldom been assessed in patients with POEMS syndrome. The onset of endocrine abnormalities in POEMS syndrome presumably involves VEGF, but autoantibodies against endocrine glands have not been detected 12) , and autopsies have revealed no structural endocrine gland abnormalities. Thus, functional abnormalities presumably cause the endocrine abnormalities 13) . Adrenal insufficiency is a condition that causes a variety of symptoms. When polyneuropathy, ascites, and swollen lymph nodes are noted along with adrenal insufficiency, POEMS syndrome must be included in the differential diagnosis, even though adrenal insufficiency linked to POEMS syndrome is rare. The case we describe is highly instructive because the POEMS syndrome was not diagnosed on the basis of the clinical interview, and it was not considered during the early examinations despite the presence of hyperpigmentation and foot numbness. The adrenal insufficiency was key to the diagnosis. ACTH: adrenocorticotropic hormone
